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I.  ABSTRACT 


In  this  report  account  is  presented  of  results  of  research  carried  out  during  the  period 
December  1,  2002  -  November  30,  2005  under  sponsorship  of  the  Air  Force  Office  of  Scientific 
Research  under  grant  F4620-03-1-0138.  The  research  was  mainly  concerned  with  effects  of 
coherence  of  light  in  various  problems  involving  propagation  and  interaction  of  stochastic  optical 
fields. 


The  results  of  our  investigations  were  reported  in  56  publications.  They  are  listed  on 
pages  4-7.  Summaries  of  these  publications  are  given  on  pages  8-18.  Scientists  who  have 
participated  in  this  research  are  listed  on  pages  19  and  20. 
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1.  T.  Shirai  and  E.  Wolf,  “Spatial  Coherence  Properties  of  the  Far  Field  of  a  Class  of 
Partially  Coherent  Beams  which  have  the  same  Directionality  as  a  Fully  Coherent 
Laser  Beam”,  Opt.  Commun.  204, 25-31  (2002). 

Spatial  coherence  properties  are  examined  of  the  far  field  produced  by  partially  coherent 
Gaussian  Schell-model  sources  which  generate  the  same  distributions  of  radiant  intensity  as 
a  fully  coherent  single-mode  laser.  The  results  are  illustrated  by  numerical  examples. 

2.  Greg  Gbur  and  E.  Wolf,  “Spreading  of  Partially  Coherent  Beams  in  Random  Media”, 
/.  Opt.  Soc.  Amer.  A19, 1592-1598  (2002). 

Some  published  computational  work  has  suggested  that  partially  coherent  beams  may  be  less 
susceptible  to  distortions  caused  by  propagation  through  random  media  than  fully  coherent 
beams.  In  this  paper  this  suggestion  is  studied  quantitatively  by  examining  the  mean  squared 
width  of  partially  coherent  conditions,  and  to  what  extent,  partially  coherent  beams  are  less 
affected  by  the  medium. 

3.  G.  Gbur,  T.  Visser  and  E.  Wolf,  “Singular  Behavior  of  the  Spectrum  in  the 
Neighborhood  of  Focus”,  J.  Opt.  Soc.  Amer.  A19, 1694-1700  (2002). 
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spatially  coherent  polychromatic  wave  is  diffracted  at  an  aperture,  remarkable  spectral 
changes  take  place  on  axis  in  the  neighborhood  of  certain  points  near  the  geometrical  focus. 
In  particular,  it  was  shown  that  the  spectrum  is  redshifted  at  some  points,  blueshifted  at 
others,  and  split  into  two  lines  elsewhere.  In  the  present  paper  we  extend  the  analysis  and 
show  that  similar  changes  take  place  in  the  focal  plane,  in  the  neighborhood  of  the  dark  rings 
of  the  Airy  pattern. 

4.  S.  Ponomarenko  and  E.  Wolf,  “Spectral  Anomalies  in  a  Fraunhofer  Diffraction 
Pattern”,  Opt.  Letts.  27, 1211-1213  (2002). 

We  show  that  spectacular  spectral  changes  take  place  in  the  vicinity  of  the  dark  rings  of  the 
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5.  G.  Gbur  and  E.  Wolf,  “Diffraction  Tomography  without  Phase  Information”,  Opt. 
Letts.  27, 1890-1892  (2002). 

A  modified  form  of  diffraction  tomography  is  presented  in  which  measurements  of  the  phase 
of  the  scattered  field  are  replaced  with  measurements  of  the  intensity  on  two  planes  beyond 
the  scatterer.  The  new  method  is  illustrated  by  an  example. 

6.  S.  A.  Ponomarenko  and  E.  Wolf,  "The  Diffusion  of  Partially  Coherent  Beams  in 
Turbulent  Media",  Opt.  Commun.  208, 1-8,  (2002). 

We  study  the  spreading  of  the  rms  spatial  and  angular  characteristics  of  partially  coherent 
beam  sin  turbulent  media.  The  angular  broadening  of  a  beam  is  shown  to  be  diffusion-like. 
The  dynamics  of  the  rms  width  of  the  beam  is  found  to  be  determined  by  the  interplay  of 
free-space  diffraction  and  turbulent  diffusion.  Our  results  indicate  the  conditions  under 
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(2002). 
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method  for  determining  the  spectral  density  of  the  dielectric  constant  fluctuations  in  such 
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8.  E.  Wolf,  "The  Significance  and  the  Measurability  of  the  Phase  of  a  Spatially  Coherent 
Optical  Field",  Opt.  Lett.  28,  5-6  (2003). 
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10.  G.  Gbur  and  E.  Wolf,  "Diffraction  Tomography  without  Phase  Information",  Opt. 
Lett.  27,1890-1892(2002). 

A  modified  form  of  diffraction  tomography  is  presented  in  which  measurements  of  the  phase 
of  the  scattered  field  are  replaced  with  measurements  of  the  intensity  on  two  planes  beyond 
the  scatterer.  The  new  method  is  illustrated  by  example. 

11.  E.  Wolf  and  G.  Gbur,  "Determination  of  the  Scattering  Amplitude  and  of  the 
Extinction  Cross-section  from  Measurements  at  Arbitrary  Distances  from  the 
Scatterer",  Phys.  Letts.  A  302,  225-228  (2002). 

It  is  shown  that  the  scattering  amplitude  for  any  direction  of  incidence  and  any  direction  of 
scattering  and,  consequently,  also  the  extinction  cross-section,  of  a  scattering  object  may  be 
determined  from  measurements  of  the  scattered  field  over  a  plane  at  an  arbitrary  distance 
from  it. 

12.  T.  D.  Visser,  G.  Gbur  and  E.  Wolf,  "Effect  of  the  State  of  Coherence  on  the  Three- 
Dimensional  Spectral  Intensity  Distribution  near  Focus",  Opt.  Commun.  213,  13-19 
(2002). 

The  effect  of  the  state  of  coherence  on  the  three-dimensional  spectral  intensity  distribution 
in  the  focal  region  of  a  system  with  a  high  Fresnel  number  is  investigated.  The  structure  of  a 
Gaussian  Schell-model  field  is  studied  in  detail. 
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13.  G.  Gbur  and  E.  Wolf,  “Hybrid  Diffraction  Tomography  without  Phase  Information”, 
J.  Opt.  Soc.  Amer.  A  19, 2194-2202  (2002). 

We  introduce  a  hybrid  tomographic  method,  based  on  recent  investigations  concerning  the 
connection  between  computed  tomography  and  diffraction  tomography,  that  allows  direct 
reconstruction  of  scattering  objects  from  intensity  measurements.  This  technique  is 
noniterative  and  its  intuitively  easier  to  understand  and  easier  to  implement  than  some  other 
methods  described  in  the  literature.  The  manner  in  which  the  new  method  reduces  to 
computed  tomography  at  short  wavelengths  is  discussed.  Numerical  examples  of 
reconstruction  are  presented. 

14.  H.  Roychowdhury  and  E.  Wolf,  “Spectral  Invariance  in  Fields  Generated  by  Quasi- 
homogeneous  Scaling-law  Sources”,  Opt.  Commun.  215, 199-203  (2003). 

The  spectrum  of  a  field  generated  by  a  planar,  secondary,  quasi-homogeneous  source  of  any 
state  of  coherence  that  obeys  the  scaling  law  is  investigated.  It  is  shown  that  throughout  the 
half-space  into  which  such  a  source  radiates,  the  normalized  spectrum  of  the  radiated  field 
is,  to  a  good  approximation,  equal  to  the  normalized  source  spectrum,  except  perhaps  at 
points  at  distances  of  the  order  of  a  wavelength  or  less  from  the  source  plane. 

15.  H.  Roychowdhury  and  E.  Wolf,  “Effects  of  Spatial  Coherence  on  Near-field  Spectra”, 
Opt.  Lett.  28, 170-172  (2003). 

Expressions  are  derived  for  the  spectrum  of  the  field  generated  by  a  planar,  homogeneous, 
secondary  source  of  any  spectral  distribution  and  of  any  state  of  spatial  coherence.  It  is 
shown  that  the  state  of  coherence  affects  the  contributions  of  the  homogeneous  as  well  as  the 
evanescent  waves  of  the  emitted  field.  The  near-field  spectra  are  studied  in  detail.  The 
analysis  is  illustrated  by  examples. 

16.  H.  Schouten,  T.  D.  Visser  and  E.  Wolf,  “New  Effects  in  Young’s  Interference 
Experiment  with  Partially  Coherent  Light”,  Opt.  Lett.  28, 1182-1184  (2003). 

We  analyze  the  coherence  properties  of  a  partially  coherent  optical  field  emerging  from  the 
two  pinholes  in  a  plane  opaque  screen.  We  show  that  at  certain  pairs  of  points  in  the  region 
of  superposition  the  light  is  fully  coherent,  regardless  of  the  state  of  coherence  of  the  light  at 
the  pinholes.  In  particular,  this  result  also  holds  if  each  pinhole  is  illuminated  by  a  different 
laser. 

17.  T.  Shirai,  A.  Dogariu  and  E.  Wolf,  “Directionality  of  Gaussian  Schell-model  Beams 
Propagating  in  Atmospheric  Turbulence”,  Opt.  Lett.  28,  610-612  (2002). 

It  is  known  that  some  partially  coherent  Gaussian  Schell-model  beams  may  generate,  in  free 
space,  the  same  angular  distribution  of  radiant  intensity  as  a  fully  coherent  laser  beam.  We 
show  that  this  result  also  holds  even  if  the  beams  propagate  in  atmospheric  turbulence, 
irrespective  of  the  particular  model  of  turbulence  used.  The  result  is  illustrated  by  example. 

18.  M.  Salem,  T.  Shirai,  A.  Dogariu  and  E.  Wolf,  “Long-distance  Propagation  of  Partially 
Coherent  Beams  through  Atmospheric  Turbulence”,  Opt.  Commun.  216,  261-265 
(2003). 

Two  simple  theorems  are  established  which  indicate  some  advantages  gained  from  the  use 
of  partially  coherent  sources  rather  than  fully  coherent  ones  for  generating  beams  that 
propagate  over  a  long  distance  through  a  turbulent  atmosphere. 
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19.  T.  Shirai,  A.  Dogariu  and  E.  Wolf,  “Mode  Analysis  of  Spreading  of  Partially  Coherent 
Beams  Propagating  through  Atmospheric  Turbulence”,  J.  Opt.  Soc.  Amer.  v4.20, 1094- 
1102(2003). 

The  spreading  of  partially  coherent  beams  propagating  through  atmospheric  turbulence  is 
studied  by  use  of  the  coherent-mode  representation  of  the  beams.  Specifically,  we  consider 
partially  coherent  Gaussian  Schell-model  beams  entering  the  atmosphere,  and  we  examine 
the  spreading  of  each  coherent  mode,  represented  by  a  Hermite-Gaussian  function,  on 
propagation.  We  find  that  in  atmospheric  turbulence  the  relative  spreading  of  higher-order 
modes  is  smaller  than  that  of  lower-order  modes,  whereas  the  relative  spreading  of  all  order 
modes  is  the  same  as  in  free  space.  This  model  behavior  successfully  explains  why  under 
certain  circumstances  partially  coherent  beams  are  less  affected  by  atmospheric  turbulence 
than  are  fully  spatially  coherent  laser  beams. 

20.  H.  Schouten,  G.  Gbur,  T.  D.  Visser  and  E.  Wolf,  “Phase  Singularities  of  the  Coherence 
Functions  in  Young’s  Interference  Pattern”,  Opt.  Lett.  28, 968-970  (2003). 

We  analyze  the  coherence  properties  of  a  partially  coherent  field  emerging  from  two 
pinholes  in  an  opaque  screen  and  show  that  the  spectral  degree  of  coherence  possesses  phase 
singularities  on  certain  surfaces  in  the  region  of  superposition.  To  our  knowledge,  this  is  the 
first  illustration  of  the  singular  behavior  of  the  spectral  degree  of  coherence,  and  the  results 
extend  the  field  of  singular  optics  to  the  study  of  phase  singularities  of  correlation  functions. 

21.  G.  Bogatyryova,  C.  V.  Fel’de,  P.  Polyanskii,  S.  A.  Ponomarenko,  M.  S.  Soskin  and  E. 
Wolf,  “Partially  Coherent  Vortex  Beams  with  Separable  Phase”,  Opt.  Lett.  28,  878-880 
(2003). 

We  propose  and  experimentally  implement  a  method  for  the  generation  of  a  wide  class  of 
partially  spatially  coherent  vortex  beams  whose  cross-spectral  density  has  a  separable 
functional  form  in  polar  coordinates.  We  study  phase  singularities  of  the  spectral  degree  of 
coherence  of  the  new  beams. 

22.  G.  Gbur  and  E.  Wolf,  “The  Information  Content  of  the  Scattered  Intensity  in 
Diffraction  Tomography,”  Information  Sciences  162, 3-20  (2004). 

It  was  recently  shown  that  the  structure  of  the  weakly  scattering  object  may  be  reconstructed 
from  intensity  measurements  made  in  a  half-space  beyond  the  scatterer.  We  review  these 
results  and  show  how  they  may  be  extended  to  more  complicated  situations,  and  illustrate 
them  by  examples. 

23.  E.  Wolf,  “Unified  Theory  of  Coherence  and  Polarization  of  Statistical  Electromagnetic 
Beams”,  Phys.  Letts.  A312, 263-267  (2003). 

The  usual  treatment  of  polarization  of  randomly  varying  electromagnetic  waves  is  based  on 
the  well-known  Stokes  parameter  or,  equivalently,  on  2  x  2  coherence  matrices  (also  called 
polarization  matrices).  Neither  of  them  is  adequate  to  elucidate  the  recently  discovered 
changes  of  the  state  of  polarization  which  a  light  beam  may  undergo  as  the  beam  propagates. 
We  present  a  unified  theory  of  coherence  and  polarization  of  random  electromagnetic  beams 
which  brings  out  clearly  the  intimate  relationship  which  exists  between  these  two 
phenomena  and  which  makes  it  possible  to  predict  the  changes  in  the  state  of  polarization  of 
a  partially  coherent  electromagnetic  beam  on  propagation.  We  illustrate  the  analysis  by 
showing  that  a  completely  unpolarized  beam  may  be  spatially  fully  coherent. 
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24.  E.  Wolf,  “Correlation-induced  Changes  in  the  Degree  of  Polarization,  the  Degree  of 
Coherence  and  the  Spectrum  of  Random  Electromagnetic  Beams  on  Propagation”, 
Opt.  Lett.  28, 1078-1080  (2003). 

A  method  is  described,  based  on  a  recently  formulated  unified  theory  of  coherence  and 
polarization,  for  determining  the  changes  that  the  degree  of  polarization,  the  degree  of 
coherence,  and  the  spectrum  of  a  random  electromagnetic  beam  may  undergo  as  the  beam 
propagates.  Propagation  in  free  space  as  well  as  in  linear  media,  both  deterministic  and 
random,  is  discussed. 

25.  T.D.  Visser  and  E.  Wolf,  “Spectral  Anomalies  near  Phase  Singularities  in  Partially 
Coherent  Focused  Wavefields”,  Journal  of  Opt.  A:  Pure  and  Applied  Optics  A6,  S239- 
S242  (2003). 

The  influence  of  the  state  of  spatial  coherence  on  the  spectrum  of  light  in  the  vicinity  of 
phase  singularities  of  focused  wavefields  is  investigated.  It  is  found  that  a  decrease  of  the 
degree  of  coherence  of  the  field  reduces  the  spectral  changes  of  the  field  in  the  focal  region. 

26.  S.  Ponomarenko,  G.  Agrawal  and  E.  Wolf,  “Energy  Spectrum  of  a  Nonstationary 
Ensemble  of  Pulses”,  Opt.  Lett.  29, 394-396  (2004). 

We  introduce  a  new  definition  of  the  energy  spectrum  of  a  nonstationary  ensemble  of  pulses 
that  reduces  to  the  usual  ones  in  the  limit  of  statistically  stationary  ensembles  of  signals  and 
of  fully  temporarily  coherent  ensembles. 

27.  H.  Roychowdhury  and  E.  Wolf,  “Determination  of  the  Electric  Cross-Spectral  Density 
Matrix  of  a  Random  Electromagnetic  Beam”,  Opt.  Commun.  226,  57-60  (2003). 

It  has  been  shown  in  a  recent  publication  that  in  order  to  calculate  the  changes  which  the 
degree  of  polarization,  the  degree  of  coherence  and  the  spectrum  of  a  random 
electromagnetic  beam  undergo  as  the  beam  propagates,  it  is  necessary  to  know  the  2x2 
cross-spectral  density  matrix  of  the  fluctuating  electric  field.  In  this  paper,  a  procedure  is 
described  for  measuring  the  four  elements  of  this  matrix,  with  the  help  of  two  polarizers  and 
a  rotator.  The  procedure  makes  use  of  the  Young  interference  experiment  and  the  recently 
derived  spectral  interference  law  for  such  beams. 

28.  S.  Ponomarenko  and  E.  Wolf,  “The  Spectral  Degree  of  Coherence  of  Fully  Spatially 
Coherent  Electromagnetic  Beams”,  Opt.  Commun.  227,  73-74  (2003). 

We  determine  a  general  form  of  the  cross-spectral  density  matrix  and  the  spectral  degree  of 
coherence  of  the  electric  field  of  a  fully  spatially  coherent  electromagnetic  beam.  Our  result 
implies  that  complete  spatial  coherence  does  not,  in  general,  impose  any  conditions  on  the 
state  of  polarization  of  the  beam. 

29.  E.  Wolf,  “Polarization  of  a  Spatially  Fully  Coherent  Electromagnetic  Beam”,  J.  Mod. 
Opt.  20,  757-759  (2004). 

Using  a  recently  developed  unified  theory  of  coherence  and  polarization  [E.  Wolf,  Phys. 
Lett.  A312,  263-267  (2003)]  it  is  shown  that  a  spatially  completely  coherent  random 
electromagnetic  beam  can  have  a  degree  of  polarization  V  which  may  take  on  any  value 
(0  <  P  <  1)  at  points  in  the  beam.  In  particular  the  beam  can  be  fully  polarized  at  one  point 
and  completely  unpolarized  or  partially  polarized  at  another  point.  This  result  also  holds  for 
electromagnetic  beams  which  are  not  completely  spatially  coherent. 
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30.  H.  Roychowdhury,  S.  Ponomarenko  and  E.  Wolf,  “Changes  of  Polarization  of  Partially 
Coherent  Electromagnetic  Beams  Propagating  through  the  Turbulent  Atmosphere”,  J. 
Mod.  Opt.,  in  press. 

Using  a  recently  developed  unified  theory  of  coherence  and  polarization,  we  investigate  the 
changes  in  the  degree  of  polarization  of  an  electromagnetic  Gaussian  Schell-model  beam,  as 
the  beam  propagates  through  the  turbulent  atmosphere. 

31.  H.  Roychowdhury  and  E.  Wolf,  “Coherence  Effects  in  the  Near-field”,  J.  Mod.  Opt.  51, 
1603-1612  (2004) 

Expressions  are  derived  for  the  cross-spectral  density  and  for  the  spectral  degree  of 
coherence  of  the  near  field  generated  by  a  planar,  secondary,  homogeneous  source  of  any 
spectral  distribution  and  of  any  state  of  spatial  coherence.  The  behavior  of  the  spectral 
degree  of  coherence  and  the  spectral  intensity  in  the  immediate  vicinity  of  the  source  are 
illustrated  by  computed  examples. 

32.  G.  S.  Agarwal,  G.  Gbur  and  E.  Wolf,  “Coherence  Properties  of  Sunlight”,  Opt.  Letts. 
29, 459-461  (2004). 

The  coherence  properties  of  sunlight  were  first  studied  by  Yerdet  around  1869  and  were 
later  examined  by  other  scientists.  However,  all  the  previous  calculations  assumed  that  the 
Earth  is  in  the  far  zone  of  the  Sun,  an  assumption  that  is  incorrect.  An  investigation  of  why 
Verdet’ s  result  is  nevertheless  correct  reveals  a  surprising  property  of  radiation  from 
incoherent  sources. 

33.  G.  Gbur,  T.  D.  Visser  and  E.  Wolf,  “  ‘Hidden’  Singularities  in  Partially  Coherent 
Polychromatic  Wavefields”,  J.  Opt.  A:  PureAppl.  Opt.  6,  S239-S242  (2004). 

It  is  well  known  that  the  light  fields  which  are  partially  coherent  and/or  polychromatic  do 
not  typically  possess  regions  of  zero  intensity  and  hence  do  not  possess  any  obvious  phase 
singularities.  It  is  of  interest  to  ask  whether  or  not  such  fields  possess  singularities  in  some 
‘hidden’  form,  and  in  this  paper  we  discuss  the  singular  optics  of  partially  coherent  fields 
and  the  nature  of  the  singularities  in  such  fields. 

34.  G.  S.  Agarwal,  A.  Dogariu,  T.  D.  Visser  and  E.  Wolf,  “Generation  of  Complete 
Coherence  in  Young’s  Interference  Experiment  with  Random  Electromagnetic 
Beams”,  Opt.  Lett.  30, 120-122  (2005). 

The  recently  developed  theory  that  unifies  the  treatment  of  polarization  and  coherence  of 
random  electromagnetic  beams  is  applied  to  study  field  correlations  in  Young’s  interference 
experiment.  It  is  found  that  at  certain  pairs  of  points  the  transmitted  field  is  spatially  fully 
coherent,  irrespective  of  the  state  of  coherence  and  polarization  of  the  field  is  incident  on  the 
two  pinholes. 

35.  T.  Shirai  and  E.  Wolf,  “Coherence  and  Polarization  of  Electromagnetic  Beams 
Modulated  by  Random  Phase  Screens  and  their  Changes  on  Propagation  in  Free 
Space”,  J.  Opt.  Soc.  Amer.  A21, 1907-1916  (2005). 

The  spectral  degree  of  coherence  and  of  polarization  of  some  model  electromagnetic  beams 
modulated  by  a  polarization-dependent  phase-modulating  device,  such  as  a  liquid-crystal 
spatial  light  modulator,  acting  as  a  random  phase  screen  are  examined  on  the  basis  of  the 
recent  theory  fonnulated  in  terms  of  the  2x2  cross-spectral  density  matrix  of  the  beam.  The 
phase-modulating  device  is  assumed  to  have  strong  polarization  dependence  that  modulates 
only  one  of  the  orthogonal  components  of  the  electric  vector,  and  the  phase  of  the  phase- 
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modulating  device  is  assumed  to  be  a  random  function  of  position  imitating  a  random  phase 
screen  and  is  assumed  to  obey  Gaussian  statistics  with  zero  mean.  The  propagation  of  the 
modulated  beam  is  also  examined  to  show  how  the  spectral  degree  of  coherence  and  the 
polarization  of  the  beam  change  on  propagation,  even  in  free  space.  The  results  are 
illustrated  by  numerical  examples. 

36.  J.  Ellis,  A  Dogariu,  S.  Ponomarenko  and  E.  Wolf  "  Correlation  Matrix  of  a  Completely 
Polarized,  Statistically  Stationary  Electromagnetic  Field,  Opt.  Lett.  29, 1-3  (2004). 

It  is  shown  that,  for  a  3x3  correlation  matrix  Wy  (r, r, co),  (i,j  =  x,y,z )  of  the  electric 

vector  of  a  random,  stationary  electromagnetic  field  to  represent  a  field  that  is  completely 
polarized  at  a  point  r  and  frequency  co ,  each  element  of  the  matrix  must  factorize.  More 
precisely,  a  necessary  and  sufficient  condition  for  the  correlation  matrix  to  represent  a  fully 

polarized  field  at  a  point  r  is  that  the  matrix  has  the  form  Wy{Y,r,co)  =  £*(r,co)£  j(r,co), 

where  £/(r ,co)  ( i  =  x,y,z)  are  deterministic  functions,  i.e.,  that  all  pairs  of  the, Cartesian 
components  of  the  electric  field  at  a  point  r  and  frequency  co  are  completely  correlated. 

37.  J.  Ellis,  A.  Dogariu,  S.  Ponomarenko  and  E.  Wolf,  “Degree  of  Polarization  of 
Statistically  Electromagnetic  Fields”,  Opt.  Commun.,  in  press. 

The  analysis  presented  in  this  paper  resolves  an  outstanding  controversial  issue  of  statistical 
optics,  concerning  the  existence  of  the  degree  of  polarization  of  any  random,  statistically 
stationary  electromagnetic  field.  We  show  that  the  second-order  electric  spectral  correlation 
matrix  at  any  point  in  such  a  field  may  be  uniquely  expressed  as  the  sum  of  three  matrices, 
the  first  of  which  represents  a  completely  polarized  contribution.  The  ratio  of  the  average 
intensity  of  the  polarized  part  to  the  total  average  intensity  provides  a  unique  and 
unambiguous  definition  of  the  spectral  degree  of  polarization  of  the  electric  field.  It  may  be 
expressed  by  a  simple  formula  in  terms  of  the  eigenvalues  of  the  correlation  matrix  of  the 
electric  field  and  it  reduces,  for  the  two-dimensional  case,  to  the  usual  well-known 
expression  for  the  degree  of  polarization  of  beam-like  fields.  The  results  of  this  paper  are  of 
special  interest  for  near-field  optics. 

38.  O.  Korotkova,  M.  Salem  and  E.  Wolf,  “The  Far-zone  Behavior  of  the  Degree  of 
Polarization  and  Partially  Coherent  Beams  Propagating  Through  Atmospheric 
Turbulence”,  Opt.  Commun.  233, 225-230  (2004). 

It  is  shown  analytically  that  the  degree  of  polarization  of  a  beam  generated  by  an 
electromagnetic  Gaussian  Schell-model  source  which  propagates  through  atmospheric 
turbulence  tends  to  its  value  at  the  source  plane  with  increasing  distance  of  propagation. 
This  result  is  independent  of  the  spectral  degrees  of  correlation  of  the  source  and  of  the 
strength  of  atmospheric  turbulence.  These  conclusions  are  illustrated  by  a  numerical 
example. 

39.  O.  Korotkova,  M.  Salem  and  E.  Wolf,  “Beam  Conditions  for  Radiation  Generated  by 
an  Electromagnetic  Gaussian  Schell-model  Source,  Opt.  Lett.  29, 1173-1175  (2004). 

It  was  shown  recently  that  the  basic  properties  of  a  fluctuating  electromagnetic  beam  can  be 
derived  from  knowledge  of  a  2x2  cross-spectral  density  matrix  of  the  electric  field  in  the 
source  plane.  However,  not  every  such  matrix  represents  a  source  that  will  generate  a 
beamlike  field.  We  derive  conditions  that  the  matrix  must  satisfy  for  the  source  to  generate 
an  electromagnetic  Gaussian  Schell-model  beam. 


15 


40.  E.  Wolf,  “Comment  on  a  Paper  ‘Radiation  from  Arbitrarily  Polarized  Spatially 
Incoherent  Planar  Sources’”,  Opt.  Commun.  242, 321-322  (2004). 

A  recent  paper  entitled  “Radiation  from  arbitrarily  polarized  incoherent  source”  contains  an 
invalid  demonstration  that  a  degree  of  coherence  of  a  statistically  stationary  electromagnetic 
field  employed  in  several  publications  and  rigorously  derived  in  a  recent  paper  cannot 
correctly  represent  the  state  of  coherence  of  the  field. 

41.  P.  S.  Carney,  J.  Schotland  and  E.  Wolf,  “A  Generalized  Optical  Theorem  for 
Reflection,  Transmission  and  Extinction  of  Optical  Power,”  Physical  Review  E70, 
036611-1  (2004). 

We  present  a  derivation  of  the  optical  theorem  that  makes  it  possible  to  obtain  expressions 
for  the  extinguished  power  in  a  very  general  class  of  problems  not  previously  treated.  The 
results  are  applied  to  the  analysis  of  the  extinction  of  power  by  a  scatterer  in  the  presence  of 
a  lossless  half  space.  Applications  to  microscopy  and  tomography  are  discussed. 

42.  H.  Roychowdhury  and  E.  Wolf,  “Invariance  of  Spectrum  of  Light  Generated  by  a 
Class  of  Quasi-homogeneous  Sources  on  Propagation  through  Turbulence”,  Opt. 
Commun.  241, 11-15  (2004). 

We  show  that  after  propagating  through  a  turbulent  medium  the  normalized  spectrum  of  a 
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polarization  on  propagation.  We  illustrate  the  results  by  a  numerical  example  relating  to  an 
electromagnetic  Gaussian  Schell-model  beam. 
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spectral  degree  of  coherence,  the  degree  of  polarization  and  the  Stokes  parameters  of  the  far- 
field  generated  by  a  QH  source  with  a  uniform  state  of  polarization.  We  then  derive 
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beams  in  homogeneous,  isotropic,  non-absorbing  atmospheric  turbulence.  We  find  that  the 
effects  of  turbulence  on  the  state  of  polarization  are  most  significant  when  the  atmospheric 
fluctuations  are  weak  or  moderate,  while  in  strong  regime  of  atmospheric  fluctuations  the 
state  of  polarization  of  the  beam  returns  to  its  original  state.  Our  results  might  find  useful 
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using  the  vector  theory  of  electromagnetic  diffraction,  for  monochromatic,  linearly  polarized 


18 


incident  light.  It  is  shown  that  in  systems  of  high  numerical  aperture,  the  wavefront  spacing 
near  the  focus  is  significantly  larger  than  the  wavelength  of  the  incident  light,  and  that  the 
wavefront  spacing  changes  significantly  within  a  few  wavelengths  of  the  focus  and  can  be 
less  than  a  wavelength. 
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The  electromagnetic  Gaussian  Schell-model  (EGSM)  beam  is  the  simplest  analytical  model 
of  a  random  electromagnetic  beam.  The  model  can  be  successfully  used  in  studies  of 
spectral,  polarization  and  coherence  properties  of  random  electromagnetic  beams  on 
propagation  in  free  space  or  in  any  linear  medium,  deterministic  or  random.  The  most 
general  type  of  source  which  produces  electromagnetic  Gaussian  Schell-model  beams  is 
characterized  by  10  parameters.  Using  properties  of  the  cross-spectral  density  matrix  of  such 
a  beam,  we  derive  necessary  and  sufficient  conditions  which  the  parameters  of  the  source 
must  satisfy  in  order  to  generate  a  physically  realizable  beam  of  this  type.  The  conditions 
provide  certain  constraints  for  synthesis,  simulations  and  any  applications  of  such  beams. 
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